A CCaMK-CYCLOPS-DELLA Complex Activates Transcription of RAM1 to Regulate Arbuscule Branching.
Intracellular arbuscular mycorrhiza symbiosis between plants and glomeromycotan fungi leads to formation of highly branched fungal arbuscules that release mineral nutrients to the plant host. Their development is regulated in plants by a mechanistically unresolved interplay between symbiosis, nutrient, and hormone (gibberellin) signaling. Using a positional cloning strategy and a retrotransposon insertion line, we identify two novel alleles of Lotus japonicus REDUCED ARBUSCULAR MYCORRHIZA1 (RAM1) encoding a GRAS protein. We confirm that RAM1 is a central regulator of arbuscule development: arbuscule branching is arrested in L. japonicus ram1 mutants, and ectopic expression of RAM1 activates genes critical for arbuscule development in the absence of fungal symbionts. Epistasis analysis places RAM1 downstream of CCaMK, CYCLOPS, and DELLA because ectopic expression of RAM1 restores arbuscule formation in cyclops mutants and in the presence of suppressive gibberellin. The corresponding proteins form a complex that activates RAM1 expression via binding of CYCLOPS to a cis element in the RAM1 promoter. We thus reveal a transcriptional cascade in arbuscule development that employs the promoter of RAM1 as integrator of symbiotic (transmitted via CCaMK and CYCLOPS) and hormonal (gibberellin) signals.